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This invention relates to the use of bacterial viruses (bacteri phages) which use bacteria as hosts and pro- 
duce a bacteriophage lysin responsible for cell-wall degradation and lysis f th host cells. 

Attempts to us a bacteriophage as an antimicrobial agent have failed to be ffectiv . We have previously 
used the lysin of the bacteriophage evML3 of Lactococcus lactis ML3, which is activ against all strains of all 

5 subspecies of Lactococcus lactis, very weakly affects group D enterococci, but does not have any action on a 
wide variety of other species tested (Shearman et al (1989) Molecular and General Genetics 218: 214-221), 
to lyse cheese starter cultures (WO90/00599). WO/00599 also discloses the use of micro-organisms, trans- 
formed to express the evML3 lysin, to suppress populations of bacteria susceptible to the lysin, ie the Lacto- 
coccus lactis cheese starter culture strains. 

10 It is also known to use cheese starter culture bacteria to produce the simple peptide nisin in order to destroy 
harmful bacteria. 

We have now found that further bacteriophage lysins can be used to destroy unwanted bacteria, especially 
food-contaminating bacteria prejudicial to health. 

A first aspect of the present invention provides a formulation comprising a lysin of a bacteriophage of a 
is food-contaminating or pathogenic bacterium or a variant of such a lysin, substantially free of the bacteriophage. 
Preferably the Listeria phage 0LM4 or Clostridium tyrobutyricum phage eP lysins are used. They act against 
all tested species and strains of Listeria and also strains of Kurthia zopfii, or against Clostridium tyrobutyricum 
(as appropriate), but lack activity against other tested species. 

A "variant" of such a lysin is any polypeptide of which at least 30% (preferably at least 50%, 75%, 90%, 
20 95% or 99%) has at least 80% (preferably at least 90%, 95% or 99%) amino acid homology with the correspond- 
ing region of the lysin itself and which has at least 30% (preferably at least 50%, 75%, 90% or 95%) of the bac- 
terial lysing capability of the said lysin. 

Food-contaminating bacteria are those which, by virtue of their presence or compounds produced by them, 
cause undesirable flavours, odours or visual appearances or cause illness in humans or animals consuming 
25 the food. 

The organism which is destroyed may be any of the following: 
Listeria monocytogenes, Clostridium tyrobutyricum, Clostridium botulinum, Clostridum perfringens, lactic acid 
bacteria (eg Lactobacillus brevis) causing beer spoilage, Salmonella spp., Yersinia spp., Campylobacter, E. 
colt, Pseudomonas spp., Staphylococcus, Bacillus spp. (including Bacillus cereus). Shigella spp. and Vibrio 

30 Spp. 

Pathogenic bacteria include all pathogenic bacteria of humans, animals and plants. However, in a medical 
or veterinary context, as is explained further below, bacteria involved in topical or superficial infections are of 
particular interest These include Staphylococcus spp. (eg Staph, aureus). Streptococcus spp., Corynebacte- 
rium spp., Clostridium spp. (eg C/. perfringens), Yersinia spp. (eg Y. pestis), Pasteurella spp. (eg P. muHodda), 
35 Streptobacillus spp. (eg Streptobacillus moniliformis), Proteus spp. (eg P. mirabilis) and Pseudonomas spp. 

A second aspect of the invention provides a substantially pure preparation of a lysin from a bacteriophage 
of a food-contaminating or pathogenic bacterium. 

A third aspect of the invention provides a coding sequence for such a lysin. 

A fourth aspect provides a DNA construct comprising a coding sequence as above in an expression vehicle 
40 suitable for transformation of a microbial host or cell line. 

Suitable regulatory expression vectors, transformation techniques, and hosts are all known in the art The 
host may be any micro-organism or ceil line which is found to express the said lysin gene, and may be a bac- 
terium such as £ coli ox Lactococcus lactis, a yeast such as Saccharomyces cerevisiae or Kluveromyces lactis 
or a filamentous fungus such as Aspergillus niger. 
45 Thus a fifth aspect provides a microbial or cell line host transformed with such an expression vehicle and 
capable of expressing the lysin coding sequence. 

A sixth aspect provides a polypeptide derived from the expression of the said lysin coding sequence in a 
suitable host transformed with such an expression vehicle. 

A seventh aspect of the present invention provides a method of destroying pathogenic or food- 
50 contaminating bacteria characterised in that said bacteria are lysed with a lysin or a variant of such a lysin from 
a bacteriophage of such bacteria. 

The use of such a preparation in food or agriculture simply involves the addition of an amount sufficient to 
provide an inhibitory concentration of lysin activity. The specific activity of any preparation may readily be cal- 
culated, for example by use f the spectrophotometric assay described later. The quantity of preparation nec- 
55 essary for effective protection in a given food may be arrived at by routine xperim ntation. The lysin is applied 
in a suitable, non-toxic aqueous medium. Any food may be treated with such a preparation by additi n or ap- 
plication to surfaces eg of cut, cooked meat r poultry, soft cheeses and pates of fish r meat The term food" 
includes drinks (such as water, beer, milk and soft drinks), animal fo d (such as pet food or cattle food) and 
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produc destined for consumption by humans or animals (such as stored potatoes). In agriculture, a particular 
applicati n is addition to silage wher Listeria and Clostridium tyrobutyricum ar known to present a problem 
that can be passed on up the food chain. In brewing, brewing yeast transformed with a lysin g ne may be used. 

In a medical or veterinary context, because the lysin is likely to be degraded r to produce an immune re- 
5 action, it is preferred to administer it topically in diseases of the skin such as ulcers, bums and acne. It may be 
applied as the clinician directs, as a lotion, cream or ointment 

An eighth aspect provides a method of testing for the presence of bacteria which are lysed by a bacterio- 
phage or by the lysin thereof, comprising exposing a sample to the said bacteriophage or lysin and determining 
whether bacteria have been lysed as a result of such exposure. 
10 Any technology that exploits the release of intra ceil ular biochemicals (eg ATP or enzymes such as alkaline 
phosphatase or esterase) to detect micro-organisms can, in accordance with the invention, be made specific 
for the target range of such lysins. For example, an ATP or phosphatase release test for Listeria using the Lis- 
teria bacteriophage or lysin thereof, in which the release of ATP or phosphatase is detected (eg by linkage to 
a lucif erase reaction and monitoring of photon release or by spectrophotometric methods as is described below) 
15 indicates the specific presence of Listeria in a sample. The invention further provides a kit comprising a lysin 
and means to detect bacterial lysis. 

Preferably, the bacteriophage in all these contexts is or at least includes Listeria monocytogenes oLM4 or 
a bacteriophage of Clostridium tyrobutyricum, such as eP1. Several different lysins may be used in order to 
destroy or identify a specific range of bacteria. 
20 The cloning and characterization of the gene for the lysin of the Listeria bacteriophage eLM4 has facilitated 
the production of the free lysin and the availability of Its structural gene. These components have application 
in the protection of environment and food material from pathogenic strains of Listeria, The free lysin acts as a 
novel antimicrobial that kills such bacteria and the gene can be genetically engineered in a non-pathogenic 
micro-organism such that the latter produce the Listeria lysin thereby equipping it with a novel antt- Listeria ca- 
25 pability. For example, a food-grade micro-organism may be transformed with a DNA construct comprising a 
coding sequence for the lysin. 

Preferred embodiments of the invention will now be described by way of example with reference to the ac- 
companying drawings, in which:- 

Figure 1 shows patches of E. coli clones with H/ndlll fragments of cl_M4 DNA in the H/ndlll site of vector 
30 pUC18. The plate is overlayed with a suspension of Listeria monocytogenes 6868 cells and lysin producing 
clones create clear zones around the patch (indicated by an anew). 

Figure 2 is a restriction and deletion map of lysin-expressing done pFI322* The result of lysin activity tests 
is indicated to the right The inferred location of the lysin gene is shown. Arrows indicate the orientation of the 
lysin gene with respect to the lac a promoter of the pUC vector used which is transcribed from left to right in 
35 this figure (ie pFI324 is opposed to the lac a promoter, other clones are transcribed in the same direction as 
the lac a promoter). 

Plasmid pF1322 is pUC18 carrying a 3.6kb H/ndlll fragment of bacteriophage eLM4 DNA. Plasmid pF1326 
is pF1 322 with a 0.56kb H/ndlll - Sa/I deletion. Plasmid pF1 327 is pF1 322 with a 1 .32kb H/ndlll - EcoRI deletion. 
Plasmid pF1324 is pUC18 carrying a 1 .9kb H/ndlll - Nm\ fragment of pF1322 cloned between its H/ndlll and 
40 HincU sites. Plasmid pF1325 is pUC18 carrying a 1.6kb Nm\ - H/ndlll fragment of pF1322 cloned between its 
H/ncll and H/ndllll sites. Plasmid pF1328 is pUC19 carrying a 1.9kb H/ndlll - Nm\ fragment of pF1322 cloned 
between its H/ndlll and H/ncll sites. Plasmid pF1 329 is pF1 328 carrying a 1 .6kb Bapl deletion from the polylinker 
8an?HI site. Plasmid pF1330 is pF1328 carrying a 1.6kb Bapl deletion from the polylinker BamH I site. 

Figure 3 illustrates the response of a suspension of Listeria monocytogenes 6868 cells to cell free extracts 
45 of E. coli strains harbouring plasmids pFI322(A), pFI328(A), pFI329(0) and pUC19(#). 

Figure 4 is a Coomassie blue stained SDS polyacrylamide gel of proteins produced by E. coli strain carrying 
the T7 expression vector pSP73 (tracks 2 and 3) or pFI331 which carries the lysin gene (tracks 4 and 5). Un- 
induced cells (tracks 2 and 4) are compared with induced cells (tracks 3 and 5). Molecular weight markers are 
present (tracks 1 and 6) and the expressed lysin protein is indicated by an arrow. 
50 Figure 5 illustrates the sequencing strategy used. The extent and direction of sequences determined are 

indicated by the arrows. Synthetic oligonucleotide primers are indicated by boxes. 

Figure 6 shows a single strand of the region of oLM4 DNA that encodes the lysin gene. 

Figure 7 is the Analyseq print out of the analysis of the DNA sequence shown in Figure 6. The identification 
of the open reading frame of the lysin gene is in the top panel. 
55 Figure 8 shows the double stranded DNA sequence of the lysin structural g ne and its translated protein 

product * 

Figur 9 shows the prot ctive effect f cloned Listeria lysin on skimmed milk to which Listeria Monocyto- 
genes is added. 
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Figure 10 shows the expression of the Listeria lysin gene in Lactococcus lactis under the control of th 
lact s inducible lactococcai lactose op ran promoter. 

EXAMPLE 1: CLONING OF LYSIN GENE, ETC 

5 

Isolation of bacteriophage eLM4 

A bacteriophage named eLM4 was isolated from a culture of Listeria monocytogenes serotype 4b that was 
originally obtained from a listeriosis outbreak in Nova Scotia, Canada in 1 981 . The source of the infection was 

10 tracked down to contaminated coleslaw. This culture of Listeria monocytogenes was deposited under the Bu- 
dapest Treaty as NCTC 12452 in the National Collection of Type Cultures, Central Public Health Laboratory, 
Colindate, London, UK on 21 March 1991. The bacteriophage was purified by standard single plaque isolation 
procedure using Listeria monocytogenes F6868 as the hosL This culture was similarly deposited under the Bu- 
dapest Treaty as NCTC 12453 in the National Collection of Type Cultures, Central Public Health Laboratory, 

is Colindale, London, UK on 21 March 1 991 . Examination of this bacteriophage by electron microscopy revealed 
it to have an isometric head with a diameter of approximately 50nm and a tap of approximately 250nm. 

Isolation of DNA from Listeria monocytogenes bacteriophage gLM4 

20 20ml of an 18 hour culture of Listeria monocytogenes F6868 was inoculated into 500ml of Bacto tryptose 

phosphate broth and incubated with shaking at 30°Co When O.D. 600 reached 0.15 the culture was infected 
with 5 x 10 10 p.f.u. of bacteriophage oLM4 and incubated until lysis was apparent as a loss of turbidity. The 
lysate was centrifuged at 6000 x g for 10 min at 4°C. The bacteriophage lysate was then concentrated by poly* 
ethylene glycol precipitation and purified on caesium chloride stepped gradients using well established proto- 

25 cols (Bachrach and Friedmann (1971 ) Applied Microbiology 22: 706-71 5). Bacteriophage DNA was extracted 
by dialysis against 50% fonmamide in TE buffer (0.1 Tris - HCI, 0.01M EDTA, pH 8.5). Further purification was 
then performed on caesium chloride-ethidium bromide equilibrium density gradients. Examination of the bac- 
teriophage DNA by agarose gel electrophoresis revealed the genome to be approximately 39kb in size. 

30 Cloning the bacteriophage eLM4 lysin gene 

DNA purified from bacteriophage ol_M4 was digested with restriction endonuclease H/ndlll and ligated to 
plasmid pUC18 vector DNA that had also been cleaved with restriction endonuclease H/ndlll. The ligated DNA 
was transformed into Escherichia co//TB1 and ampicOIin resistant colonies were selected on LB agar containing 
35 50u.g/ml ampicillin, 40^g/ml isopropyl-^D-thiogaiactopyranoside (IPTG) and 40ng/ml 5-bromo-4-chloro-3-in- 
dolyl-0-D-galactopyranoside (X-gal). These steps were performed using well established protocols (Sambrook. 
J. et al (1989), Molecular Cloning. A laboratory manual Cold Spring Harbor Laboratory, Cold Spring Harbor, 
New York, 2nd Edition). 

White colonies were screened for their ability to produce a bacteriophage lysin active against Listeria mono- 
40 cytogenes. These colonies were patched onto duplicate Bacto tryptose agar plates and incubated for 18 hours 
at 37°C. One plate was exposed to chloroform vapour for 10 min and then seeded with 0.2ml of an 18 hour 
broth culture of Listeria monocytogenes F6868. After incubation at 30*C for 18 hours clear zones of lysins were 
apparent around patches of clones expressing the Listeria bacteriophage oLM4 lysin. This is illustrated in Figure 
1 . Positive clones were recovered from the duplicate plate and the pUC1 8 derivative plasmid isolated and char- 
45 acterized by digestion with restriction endonuclease H/ndlll. One lysin expressing pUC1 8 clone that contained 
a 3.6kb insert of eLM4 DNA was chosen for further analysis. This plasmid was designated pFI322. 

Deletion analysis of lysin expressing plasmid pF1322 

so Characterization of pFI322 was undertaken by constructing a restriction map of this insert using single and 

double digests with a variety of restriction enzymes. The map is presented in Figure 2. Deletion of some regions 
of the 3.6kb insert contained in pFI322 was achieved by digestion with certain of these enzymes, reiigation and 
transformation into E. coli TB1. In other instances endonuclease Bal 31 was used to introduce deletions. In 
addition, some regions of the 3.6kb cloned DNA in pFI322 were deleted by digestion with certain restrict! n 

55 ndonucleases and re-cloning into appropriately cleav d plasmid vect rs pUC 1 8 or pUC1 9 and transformation 
into E. CO//TB1. These manipulations are clearly documented in Figure 2 which is present d in the form of a 
d leti n map for pFI322. After confirming that th various constructed ptasmids d rived from pFI322 had the 
expect d structures, these clones were tested for their ability to pr duce Listeria bacteriophage lysin. As well 
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as the plate assay described above and illustrated in Figure 1 , a spectrophotometric assay was also us d. For 
this the E. coli strain carrying plasmid don s were grown at 37°C for 18 hours, harv sted by centrrfugation at 
6000 x g for 5 min at 4°C, washed down once in 1 0OmM Iris buff r p H7.5 and r suspended in this same buffer 
at approximately 10mg dry weight/ml. Cell free extracts were made by 6 cyd s of ultrasonication (15 s c on, 

5 10 sec off) at 0°C using the microprobeof an MSE Soniprep 1 50. Unbroken cells and cell debris were removed 
by centrrfugation at 25000 x g for 15 min at 4°C. 

Samples of the cell free extracts were added to an equBibrated (5 min at 37°C) 4ml reaction mixture con- 
taining 400nmole Tris HCI pH7.5 and Listeria monocytogenes F6868 indicator cells that had been harvested 
and resuspended at an O.D. 600 of 2.3. The fall in optical density caused by lysis of indicator cells was followed 

10 using a spectrophotometer. Typical results from use of this protocol are presented in Figure 3. The lytic activity 
of the plasmid derivative described above and in Figure 2 were assessed using both of these methods and the 
results are presented in Figure 2. 

These results demonstrated that the structural gene for bacteriophage cLM4 was contained within the left 
hand 1 .2kb of the DNA doned in pFI322 and defined by the H/odlll site at co-ordinate 0 and the EcoR 1 site at 

15 co-ordinate 1.25 of the map illustrated in Figure 2. 

Figure 2 also indicates the orientation of Listeria bacteriophage oLM4 DNA with respect to the E. coli lac 
a promoter that is present on vectors pUC1 8 and pUC 1 9. It is apparent that a positive reaction in the lysin assay 
is only found when one orientation is maintained (eg pFI324 is negative whereas pFI328 is positive even though 
both constructs contain the same Listeria bacteriophage eLM4 fragment). This suggests that expression of the 

20 lysin gene depends on use of the E. coli lac a promoter and that no Listeria bacteriophage eLM4 promoter is 
present and active in E. colL 

Detection of the lysin protein 

25 In order to identify a protein produced by the fragment of eLM4 DNA that expressed lysin activity another 

E. coli vector was used. A 2kb fragment from plasmid pFI328 between the HM\\\ site at co-ordinate 0 and a 
unique BamHI site present on the polytinker of pUC1 9 was isolated and doned between the H/ndlll and fiamHI 
sites of the T7 expression vector pSP73 that was purchased from Promega. The constructed plasmid named 
pFI331 was transformed into the E. coli host strain JM109DE3. 

30 The E. coli 17 promoter in this vector is expressed by the phage specific T7 RNA polymerase which is in- 

duced by addition of IPTG in the appropriate host strain E. coli JM109 DE3. Cultures of this strain carrying 
pSP73 as a control or pFI331 were grown for 3 hours and induced by addition of 1PTG to a final concentration 
of 0.2mM. Incubation was continued for a further 3 hours before the cultures were harvested and used to pre- 
pare cell extracts using well-established, published procedures (Studier, F.W., Rosenberg, AH., Dunn, J.J. and 

35 Dubendorff. J.W. (1 990) Methods in Enzymology 185: 60-89). 

Proteins present in cell extracts were analysed using conventional SDS-polyacrytamide gel electrophoresis 
(Laemmli (1 970) Nature 227: 680-685). The results presented in Figure 4 clearly demonstrate that the 2kb frag- 
ment of pFI331 expresses a single protein with a molecular size of 31 kilodattons which represents the lysin 
enzyme. 

40 

DNA sequence of the Listeria bacteriophage gLM4 lysin gene 

The region of DNA between co-ordinate 0 and 1.2 in Figure 2 was subject to oligonucleotide sequence 
analysis using the dideoxy chain-termination method (Sanger, F., Coulson. A.R.. Barrel!, B.G.. Smith, A.J.H. 

45 and Roe, B.A. (1980) J. Molec. Biol. 143) with a sequenase version 2.0 kit (United States Biochemical Corpor- 
ation). The 0.9kb H/ndlll - EcoRI and the 0.3kb EcoRI - EcoRI fragments of pF1328 were subcloned in the M13 
sequencing vectors M13mp18 and M13mp19 to create templates and sequenced using universal and synthetic 
oligonucleotide primers. To sequence across the internal EcoRI site at co-ordinate 0.9 double stranded se- 
quencing of pFI329 plasmid DNA was used. The sequencing strategy is presented in Figure 5 and the complete 

so DNA sequence is in Figure 6. The sequence was analysed using the computer programme ANALYSEQ (Staden 
(1 980) Nucleic Acid Research 8: 3673-3694) which revealed an open reading frame that represents the Listeria 
bacteriophage lysin gene. The printout from the Analyseq analysis is presented in Figure 7 and the open reading 
frame representing the lysin structural gene and its translated protein product is presented in Figure 8. The 
molecular size of the translated protein was calculated to be 32.9 kilodaltons which agrees well with the cal- 

55 culated 31 kilodalton size of th protein xpress d by the T7 vector pSP73 (Clone pFI331 in Figure 4). 
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Activity and specificity of th Listeria bacteriophag oLM4 lysin 



Figure 3 illustrates the lytic activity of crude cell free extracts of E. coli TB1 carrying th plasmids pR322, 
pFI328 t pFI329 and pUC19 assayed using the spectrophotometry method described above. This activity was 

5 related to units of commercially available mutanolysin (Sigma) as has been described previously (Shearman, 
C. Underwood, H, Jury, K. and Gasson M. (1989) Mol. Gen. Genetics 218: 214-221). The crude cell extracts 
of lysin expressing clones typically contained 5000 mutanolysin equivalent units per mg. protein. 

In order to test the spectrum of activity of this lysin, the spectrophotometric assay was performed on 16 
serotypes of Listeria monocytogenes, all other species of Listeria, the related species Kurthia zopfii and a va- 

10 riety of other gram positive and gram negative bacteria. The results compiled in Table 1 show that the Listeria 
bacteriophage cLM4 lysin was active against all tested strains of Listeria monocytogenes, Listeria innocua, Lis- 
teria ivanovii, Listeria murrayi, Listeria seelegri, Listeria welshimeri, Listeria grayi and Kurthia zopfii. No activity 
was found against any of the other species tested. 



BNSDCCID: <EP 0510907A2.I_> 



EP 0 510 907 A2 



TABLE 1; ACTIVITY OF CLONED LYSIN AGAIN8T LISTERIA SPECIES 



Organism 



Strain 



Serotype Relative* Time (min) b 
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SLCC5579 0.51 30 

Listeria NCTC11856 l.io 15 

seeligeri 

Listeria NCTC11857 0.29 36 

welshimeri 

Listeria NCTC10812 0.86 15 

murrayi 

Listeria NCTC10815 0.93 12 

grayi 

1S Kurthia NCTC10597 0.54 28 

zopfii 

Table 1 shows the relative sensitivity of a selection of strains of Listeria and Kurthia zopfii to the bacterio- 
20 phage oLM4 lysin. a) Relative activity is the fall in optical density (O.Deoo) from 2.3 achieved in 30 minutes div- 
ided by the equivalent fall obtained using Listeria monocytogenes F6868. b) The time (min) taken for a fall in 
optical density of O.D. w from 2.3 to 1 .3 (O.D.eoo fall of 1 ) is recorded. Other strains tested which show no sen- 
sitivity to lysin vtereAeromonas hydrophila NCTC 8049, Bacillus cereus NCTC 1 1 143, Brocothrix thermosphac- 
ta NCTC 1 0822, Camobacterium pisciola BL90/1 4, Enterococcus faecalis 8L90/1 1 , Escherichia coli BL90/1 2, 
25 Klebsieila pneumoniae NCFB 711, Pseudomonas fluorescens BL 78/45, Staphylococcus aureus NCTC 1 0652, 
Streptococcus pneumoniae NCTC 7465, Streptococcus pyogenes NCTC 2381. 

In addition it was observed that the lysin was active at temperatures as low as 2°C. At 2°C addition of lysin 
to suspensions of Listeria monocytogenes caused a decrease of between 0.7 and 2.0 O.D^oo units within 24 
hours. 

30 

EXAMPLE 2: USE OF LYSIN TO CONTROL LISTERIA 
Use as a free lysin 

35 There are two distinct application concepts. One exploits a preparation of lysin enzyme manufactured by 

fermentation of a genetically engineered micro-organism that expresses the lysin gene product (Free lysin). 
The host organism may be £ coli, or any other bacterial species such as Lactococcus lactis, a yeast such as 
Saccharomyces cerevisiae or KJuveromyces lactis or a filamentous fungus such as Aspergillus niger. The lysin 
gene may be expressed intracellularly in which case a preparation may consist of a cell free lysate of the pro- 

40 ducing organism with some purification of the lysin, for example by ammonium sulphate precipitation and/or 
column chromatography. Alternatively the fermentation micro-organism may secrete lysin into the culture me- 
dium in which case the supernatant of the centrifuged fermentation broth provides the basis of a preparation, 
which again may require some purification. 

The effectiveness of a crude extract of doned Listeria lysin was demonstrated by its addition to skimmed 

45 milk containing Listeria monocytogenes. As illustrated in Fig. 9 the lysin preparation reduces the viable count 
of Usteria monocytogenes and after 22 days incubation at 8°C there is a viable count difference of 10 8 Listeria 
cfu between milk containing lysin and the control sample. 
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Expression of Lysin by a genetically engineered micro-organism 



An alternative application concept is to use a genetically engineered micro-organism that is compatible with 
a food or agricultural environment such as a species of lactic acid bacteria. Such an organism then grows in a 
food or agricultural environment and expresses an introduced gene for Usteria bacteriophage lysin. The gene 
mayb expr ssed intracellularly and rel ased into food or an agricultural environment by autolysis or induced 
55 lysis of that micro-organism. Alternatively the lysin may be s cret d by a micro-organism so that activ lysin 
is rel ased into a food or agricultural nvironment by that viable micro-organism. In these cas s the lysin gene 
is placed downstr am of an appropriate prom ter such as the lact se peron promoter or the proteinase pro- 
moter of Lactococcus lactis NCFB 712. Seer ti n may be achiev d by fusion of the lysin structural gen t a 
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known N terminal secretory leader such as those of the proteinase gen , th uspAS gene or the nisin precursor 
gen of Lactococcus lactis. Suitable organisms for this application concept include strains of Lactococcus lactis 
in cheese and dairy products and Lactobacillus plantarum or Pediococcus species in agricultural silage. 
Th List ria lysin gene from plasmid pF1 328 was isolated together with its own ribosome binding site using 

5 the polymerase chain reaction. This fragment was doned into the Pstl site of £ coli vector pUC19 in both ori- 
entations (plasmids pF1531 and pF1532). Expression of this gene in £ colt strains was observed from one 
orientation only, under the control of the lac a promoter of the vector (plasmid pF1 531 ). Enzyme activity of cell 
extracts of the strain was comparable to that of £ coli strains carrying plasmid pF1322. Using plasmid pF1532 
that did not express the lysin gene and cloning the lactoooccal lack promoter/lacR gene on a BamHl fragment 

10 (Van Rooijen et al, (1992) J. Bacterid. 174: 227S-2280) upstream of the lysin gene (plasmid pF1 533) expres- 
sion in £ coli of oLM-4 lysin from the lactoooccal lacA promoter was obtained. The lytic activity of extracts from 
these £ caff strains was lower when the lysin gene was expressed from the lacA promoter. The Ss(ilSph\ frag- 
ment of pF1 533 containing the oLM-4 lysin gene with the lacA promoter/lacR gene was cloned into the Ssfl/Sp/)l 
sites of the lactoooccal vector pTG262 (Shearman et a/(1989) Molecular and General Genetics 218: 2H-221) 

is and the resulting plasmid pFI534 was used to transform L lactis MG5267. As shown in Figure 10 cell extracts 
of this strain expressed bLM-4 lysin activity when grown on lactose, on glucose enzyme activity of cell extracts 
was reduced. 

The cLM-4 lysin gene together with the lacA promoter/lacR gene was cloned into pF145, a plasmid ex- 
pressing the Lactococcus phage evML3 lysin gene which causes lysis during stationary phase of L lactis cul- 
20 tures carrying the plasmid (Shearman etal (1992) Biotechnology 10: 196-199). The resulting plasmid pF1535 
in L. lactis MG5267 when grown on lactose produced a culture that grew to stationary phase, then lysed as a 
consequence of the evML3 lysin, releasing o!_M-4 lysin into the culture supernatant 

EXAMPLE 3: SPECIFIC DETECTION OF MICRO-ORGANISMS 

25 

The specificity of a bacteriophage lysin provides an opportunity to specifically detect those micro-organ- 
isms which are susceptible to it For example to detect Listeria sp. the lysin described here may conveniently 
be used at a post enrichment stage where a broth culture of those micro-organisms present in a test sample 
is first produced. The identity of species of bacteria in the sample at this stage is unknown. The bacterial culture 

30 may be centrifuged and resuspended in an assay buffer (eg the one used here in studies of lysin specificity). 
A control preparation and separately a preparation containing active Listeria lysin are then added. Sufficient 
units of lysin activity are used to provide very effective lysis of any lysin susceptible cells (ie Listeria). After in- 
cubation for a short period (eg 30 min) any Listeria present will lyse, but other species will not. The presence 
of Listeria will then be detected by the lysis of bacteria in the sample treated with the lysin whereas no lysis 

35 occurs in the control. 

The detection of lysis may be achieved by assaying an intracellular enzyme or metabolite. Especially useful 
enzyme assays are for phosphatase or for esterase. Alkaline phosphate can be assayed spectro photometrically 
by following appearance of p-nitrophenot, which is yellow, from the colourless substrate p-nitrophenyl-phos- 
phate at 405nm. Esterase activity can be assayed using fluorescein diacetate which is cleaved to acetate and 

40 fluorescent fluorescein and measuring the latter in a fluorometer. One especially suitable metabolite assay in- 
volves ATP detection. For this the well established lucrferase assay in which ATP molecules generate light is 
exploited. Light emission may be measured in a luminometer. (An example of an end point detection reagent 
using luciferase-tuciferin is marketed by Sigma Chemical Company as product L-1761). 

45 EXAMPLE 4: CLOSTRIDUM TYROBUTYRICUM BACTERIOPHAGE oP1 LYSIN 

Bacteriophage cP1 was isolated from a landfill core sample using Clostridium tyrobutyricum NCFB 1755 
as host Bacteriophage 0P1 was tested against six more strains of C. tyrobutyricum. Strains NCFB 1753 and 
NCFB 1756 supported the growth of bacteriophage and they were thus host strains as was the strain NCFB 

50 1755. Against C. tyrobutyricum strains NCFB 1 71 5, NCFB 1754, NCFB 1757 and NCFB 1790 an undiluted eP1 
stock suspension gave a clear zone but diluting out did not result in individual bacteriophage plaques. This in- 
dicates that these strains were lysin sensitive but not bacteriophage sensitive. Bacteriophage eP1 thus pro- 
duces a lysin with a broad specificity for strains of C. tyrobutyricum. Similar tests of bacteriophage 0PI with a 
wide variety of other bacteria showed no effect of the lysin or bacteriophage particles against C. sporogenes 

55 strains ATCC 17886, NCFB 1789. NCFB 1791; C. butyricum strains NCFB 1713, NCFB 857; Lactobacillus buh 
tineri strains NCFB 110, F3327; L brevis strains NCFB 1749, F3328; L helveticus strains NCFB 1243, CNRZ 
832; L bulgaricus CNRZ448; L. plantarum strains NCFB 1 752, NCFB 82, NCFB 963; Escherichia coli BL 90/1 2; 
Bacillus cereus NCTC 1 143. 

9 
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Bacteriophage eP1 was deposited at the National Collections of Industrial and Marine Bacteria, 23 St Ma- 
char Drive, Aberdeen, AB2 1RY t Scotland on 5 April 1991 and a new deposit was made on 4 July 1991 und r 
the Budap st Treaty and has been accorded Accession No NCIMB 40400. 



Claims 

1. A formulation comprising a lysin of a bacteriophage of a food-contaminating or pathogenic bacterium or 
a variant of such a lysin, substantially free of the bacteriophage itself. 

2. A formulation according to Claim 1 wherein the bacteriophage is a Listeria monocytogenes bacteriophage. 

3. A formulation according to Claim 2 wherein the bacteriophage is oLM4. 

4. A formulation according to Claim 1 wherein the bacteriophage is a Clostridium tyrobutyricum bacterio- 
phage. * 

5. A method of destroying micro-organisms characterised in that said micro-organisms are lysed with a for- 
mulation according to any one of the preceding claims. 

6. A method according to Claim 5 wherein pathogenic strains of Listeria or Clostridium are destroyed in or 
on food products. 

7. A substantially pure preparation of a Listeria or Clostridium bacteriophage lysin. 

8. A nucleotide coding sequence for the lysin of a bacteriophage of a food-contaminating or pathogenic bac- 
terium or a variant of such a lysin. 

9. A coding sequence comprising the DNA coding sequence given in Figure 6 or a variant thereof encoding 
the same polypeptide. 

10. An expression vehicle comprising a coding sequence according to Claim 8 or 9 and regulatory regions 
associated therewith for expression of the coding sequence in a suitable host 

11. A microbial host transformed with means to express a lysin of a bacteriophage of a pathogenic or food- 
contaminating bacterium or a variant of such a lysin. 

12. A host according to Claim 11 which is a food-grade micro-organism. 

13. A lysin derived from the cultivation of a host according to Claim 11. 

14. A method of testing for specific bacteria in a sample, comprising adding a bacteriophage or bacteriophage 
lysin to the sample and determining whether bacterial cells have been lysed thereby. 
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FIGURE 3 
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FIGURE 5 
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1 AAGCTTTACT GGATAACGAC AAACTAGAAC TGACAGATGA AGGACTGAAA 

51 GGCCTTGACG AACAGCTAGG AGCATTGCAA GAAAGCGATG CTTATTTGTT 

101 TGCTCAAGAA AGCGAGGCGG GGCGGAACTG GTTTATTTGA ACAATTTACT 

151 AATCGAGCTA AAAAATATGG AAAGGATGAT TAATAATGGC ATTAACAGAG 

201 GCATGGCTAA TTGAAAAAGC AAATCGCAAA TTGAATACGT CAGGTATGAA 

251 TAAAGCTACA TCTGATAAGA CTCGGAATGT AATTAAAAAA ATGGCAAAAG 

301 AAGGGATTTA TCTTTGTGTT GCGCAAGGTT ACCGCTCAAC AGCGGAACAA 

251 AATGCGCTAT ATGCACAAGG GAGAACCAAA CCTGGAGCGA TTGTTACTAA 

401 TGCTAAAGGT GGGCAATCTA ATCATAATTT CGGTGTAGCA GTTGATTTGT 

451 GCTTGTATAC GAGCGACGGA AAAGATGTTA TTTGGGAGTC GACAACTTCC 

501 CGGTGGAAAA AGGTTGTTGC TGCTATGAAA GCGGAAGGAT TCGAATGGGG 

551 CGGAGATTGG AAAAGTTTTA AAGACTATCC GCATTTTGAA CTATGTGACG 

501 CTGTAAGTGG TGAGAAAATC CCTACTGCGA CACAAAACAC CAATCCAAAC 

651 AGACATGATG GGAAAATCGT TGACAGCGCG CCACTATTGC CAAAAATGGA 

701 CTTTAAATCA AATCCAGCGC GCATGTATAA ATCAGGAACT GAGTTCTTAG 

751 TATATGAACA TAATCAATAT TGGTACAAGA CGTACATCAA CGACAAATTA 

801 TACTACATGT ATAAGAGCTT TTGCGATGTT GTAGCTAAAA AAGATGCAAA 

851 AGGACGCATC AAAGTTCGAA TTAAAAGCGC GAAAGACTTA CGAATTCCAG 

901 TTTGGAAT AA CACAAAATTG AATTCTGGGA AAATTAAATG GTATGCACCC 

951 AATACAAAAT TAGCATGGTA CAACAACGGA AAAGGATACT TGGAACTCTG 

1001 GTATGAAAAG GATGGCTGGT ACTACACAGC GAACTACTTC TTAAAATAAA 

1051 AAGTCCCGGT TTGAGC7GGG CTTTTTATTT TGAAAGTGAC TAACAAAAAA 

1101 TGTAAT AAAA ATGTAATAAT CCAAGTAAGT TGTATAAAAT TTGCAGAATT 

1151 AGAACGTTTT ATTGATAAAT ACACCTTATG AAGAGTATTT TTGGCTATAT 

1201 TTGCGCATTA TAGGGTTGAA TGTAACACTA TATGTAGAAT TC 

FIGURE 6 
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MetAlaLeuThrGluAlaTrpLeuIleGluLysAlaAsnArgLysLeuAsnThrSerGly 
ATGGCATTAACAGAGGCATGGCTAATTGAAAAAGCAAATCGCAAATTGAATACGTCAGGT 

186 + + + + + + 245 

TACCGTAATTGTCTCCGTACCGATTAACTTTTTCGTTTAGCGTTTAACTTATGCAGTCCA 

MetAsnLysAlaThrSerAspLysThrArgAsnVallleLysLysMetAlaLysGluGly 
ATGAATAAAGCTACATCTGATAAGACTCGGAATGTAATTAAAAAAATGGCAAAAGAAGGG 
246 + + + + + + 305 

TACTTATTTCGATGTAGACTATTCTGAGCCTTACATTAATTTTTTTACCGTTTTCTTCCC 

IleTyrLeuCysValAlaGlnGlyTyrArgSerThrAlaGluGlnAsnAlaLeuTyrAla 
ATTTATCTTTGTGTTGCGCAAGGTTACCGCTCAACAGCGGAACAAAATGCGCTATATGCA 

306 + + + + + + 365 

TAAATAGAAACACAACGCGTTCCAATGGCGAGTTGTCGCCTTGTTTTACGCGATATACGT 

G 1 nGI yArgThrLysProGl yAl all eVa IThrAsnA 1 alysG lyGlyGl nSerAsnH i s 
CAAGGGAGAACCAAACCTGGAGCGATTGTTACTAATGCTAAAGGTGGGCAATCTAATCAT 

366 + + + + + + 425 

GTTCCCT CTTGGTTTGGACCTCGCTAACAATGATTACGATTTCCACCCGTTAGATTAGTA 

AsnPheGlyValAlaValAspLeuCysLeuTyrThrSerAspGlyLysAspVallleTrp 
AATTTCGGTGTAGCAGTTGATTTGTGCTTGTATACGAGCGACGGAAAAGATGTTATTTGG 
426 + + + + + + 485 

TTAAAGCCACATCGTCAACTAAACACGAACATATGCTCGCTGCCTTTTCTACAATAAACC 

GluSerThrThrSerArgT rpLysLysValValAlaAlaMetLysAlaGluGlyPheGlu 
GAGTCGACAACTTCCCGGTGGAAAAAGGTTGTTGCTGCTATGAAAGCGGAAGGATTCGAA 

486 + + + + + + 545 

CTCAGCTGTTGAAGGGCCACCTTTTTCCAACAACGACGATACTTTCGCCTTCCTAAGCTT 



TrpGlyGlyAspTrpLysSerPf^ysAspTyrProHisPheGluLeuCysAspAlaVal 
TGGGGCGGAGATTGGAAAAGTTTTAAAGACTATCCGCATTTTGAACTATGTGACGCTGTA 

546 + + + + + + 605 

ACCCCGCCTCTAACCTTTTCAAAATTTCTGATAGGCGTAAAACTTGATACACTGCGACAT 

SerGlyGluLysI leProThrAlaThrGlnAsnl hrAsnProAsnArgHi sAspGl yLys 
AGTGGTGAGAAAATCCCTACTGCGACACAAAACACCAATCCAAACAGACATGATGGGAAA 
006 + + ^- + + + + 665 

TCACCACTCTTTTAGGGATGACGCTGTGTTTTGTGGTTAGGTTTGTCTGTACTACCCTTT 

IleValAspSerAlaProLeuLeuProLysMetAspPheLysSerAsnProAlaArgMet 
ATCGTTGACAGCGCGCCACTATTGCCAAAAATGGACTTTAAATCAAATCCAGCGCGCATG 
666 + + + a + + 725 

TAGCAACTGTCGCGCGGTGATAACGGTTTTTACCTGAAATTTAGTTTAGGTCGCGCGTAC 

TyrLysSerGlyThrGluPheLeuValTyrGluHisAsnGlnTyrTrpTyrLysThrTyr 

TATAAATCAGGAACTGAGTTCTTAGTATATGAACATAATCAATATTGGTACAAGACGTAC 
726 + + + + + + 78S 



ATATTTAGTCCTTGACTCAAGAATCATATACTTGTATTAGTTATAACCATGTTCTGCATG 

FIGURE 8 (START) 
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IleAsnAspLysLeuTyrTyrMetTyrLysSerPheCysAspValValAlaLysLysAsp 
ATCAACGACAAATTATACTACATGTATAAGAGCTTTTGCGATGTTGTAGCTAAAAAAGAT 

786 + + + + + + 845 

TAGTTGCTGTTTAATATGATGTACATATTCTCGAAAACGCT ACAACATCGATTTTTTCTA 

AlaLysGlyArgI leLysValArgl leLysSerAlaLysAspLeuArgl leProValTrp 
GCAAAAGGACGCATCAAAGTTCGAATTAAAAGCGCGAAAGACTTACGAAT1CCAGTT 1 GG 

846 + + +■ + + + 905 

CGTTTTCCTGCGTAGTTTCAAGCTTAATTTTCGCGCTTTCTGAATGCTTAAGGTCAAACC 

AsnAsnThrLysLeuAsnSerGlyLysI leLysTrpTyrAlaProAsnThrLvsLeuAla 
AATAACACAAAATTGAATTCTGGGAAAATTAAATGGTATGCACCCAATACAAAATTAGCA 

906 + + + f + + 965 

TTATTGTGTTTTAACTTAAGACCCTTTTAATTTACCATACGTGGGTT ATGTTTT AATCGT 

TrpTyrAsnAsnGlyLysGlyTyrLeuGluLeuTrpTyrGluLysAspGlyTrpl yrTyr 
TGGTACAACAACGGAAAAGGATACTTGGAACTCTGGTATGAAAAGGATGGC1 GGTACTAC 

966 + + + + + +— — 1025 

ACCATGTTGTTGCCTTTTCCTATGAACCTTGAGACCATACTTTTCCT ACCGACCATGATG 

ThrAlaAsnTyrPheLeuLys 
ACAGCGAACTACTTCTTAAAA 

1026 + + 1046 

TGTCGCTTGATGAAGAATTTT 
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1 AAGCTTTAC1 GGA7AACGAC AAACTAGAAC TGAHAGA7GA AGGACTGAAA 

51 GGCCTTGACG AACAQC7AGC AG&A7TGCAA GAAACCGATC CT7ATTTGTT 

101 TGCTCAAOAA AGCGAGGCGG GGCGGAACTG GTT7ATTIGA ACAATT7ACI 

151 AATCGAGC7A AMAATATGG AAAGGA7GAT TAA7AATGGC A77AAOAGAG 

201 GCA1&GCTAA 7T0AAAAAGC AAA7C6CAAA 7TCAA1ACGT CAGGTATGAA 

251 T AAAGC1 ADA 7CTGA7AACA C7GGGAATGT AATTAAAAAA ATGGCAAAAC 

3D1 AAGGGAT77A 7C77TGTG7T GGGOAAGG77 ACCGC7CAAC AGCGGAACAA 

351 AA7GCGC7A7 A7GCACAAGG GAGAACCAAA CCTCGAGCGA ITGTTACTAA 

401 76DT AAAGttl 6GG0AATC7A ATCAVAATT7 CGG7G7AGCA IM1GAT17G7 

451 GCTTG7ATAC UAGCGACGGA AAAGA7GHA TT7GGGAG7C GACAAC1 I «: 

501 CGGTCGAAAA AGG7TQ7TGC TGC7Af GAAA GCGGAAGGA7 TCGAAIGGGG 

551 CGGAEA77GG AAMH77TTA AAGAHIA7CQ GCATT7TCAA CJA1G1GACG 

60t CTG7AAGTGG T GAG A AAA 7 C CC IAC7GCGA CACAAAACAC CAATCCAAAC 

651 AGACATGA7G GGAAAA7CGI IGACAGCGCG CCACTA77GC CAAAAATGGA 

701 CTTTAAATCA AATCCAGCGC CCATGUfAA ATCAGGAACT GAGTTC7TAG 

751 7AIA1GAACA TAA7CAATA7 < GG I ACAAGA DG7ACATf;AA CGACAAATTA 

B01 TACTACA7GT A7AAGAGCM 7TGCGA1GTT G7AGC7AAAA AAGA7GCAAA 

B&1 AGGACGCATC AAAGT7CGAA HAAAAGCGO GAAAGAC7 1 A CGAATTDCAG 

SDt TT7GGAA7AA CACAAAATTG AAHCIGUGA AAATTAAATG G1AIGCACCC 

D&1 AA7ACAAAAT 7AGCATGGTA CAACAACGGA AAAGGA7ACT 7GCAACIC:1G 

>001 GTATGAAAAG GA1 GGCTGGT ACTACACAGC GAACl ACT7C T7AAAA7AAA 

105)1 AAG7CCCGG7 T7GAGC ? GGU C77T77AT77 T C A A AG J GA€ 7AACAAAAAA 

1101 7GTAA7AAAA ATGIAA1AAT CfcAAGTAAGT TGTATAAAA7 7TGCAGAATT 

1161 AGAAGGTTTT AT7GA7 AAAT ACaC^I7ATG AAGAG7AT77 V\GGCTA7AT 

1201 TTGCGCA7TA 7AGGGT7GAA 7GTAACAC7A 7A7GTAGAAT 7C 
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HgiAlaLeuTh rG 1 uAl aT rpLeuI leCUiLyr.AI aAsnArgLy sLouAsnThr&firC 1 y 

atggcattaacagaggdatccctaattgaaaaagcaaatcgcaaattgaatacg^caggt 
t accgt a at7 gt ct c dgtadcgat t a acttt tt cgtt v agdgtt t aact t at gcag 1 cca 

MQtAsnLysAlRThrFvftrAspS.ysThrArgAfinVfllilcLyiLysiM^tAlal ysGltfGly 
AT GAAT A A AG CT ACAT CT G AT AAG ACT CGGAA7 GT A ATT AAAAAAAT GG DAAAAOAAGGG 

T ACTTMTTtGATGTAGACTAFl CI GAGCC I J ACAT T AATTT TT T T AC CGT T I VCTTDQC 

IlcTy rieuCysVsl Al aGl nGl yTy rArgSerl hrfcl aG 1 uGl nAsnA ) h\ euTy rAle 
ATTT ATCTTTGl Gl T GCG GAAGGT T ACCGOT C AAC AGCGG A A CA A AA T GCGCT AT AT GC A 

T AA AT AG A A AC AC A ACG CGT 1 C CAATGGCG AGT TGT CGCCTT GT T n ACGCGAlATACGT 

GlnGl yArgThrLys ProG lyAtaT \ t> Va lThr Asn A 1 aU r sG 1 y G T y D * af>R r As nH i s 
CMGGG AGA AC C AA ACC VGttAGCGAT T GTT ACT A ATGCT AAAG G \ GGtfCAA ( CT AAT CAT 

36 5 < + * h ~— 1 + 4?$ 

GTTCCCTCTT GGT I V GU ACOT CGCT AADA ATGAT T ACG AT TT CC ACCCG Y Y AG AT T AGT A 

AsnP h p G * y v» 1 A 1 a v a 1 Asp L ouC y sl cuf y rT hrSe r A * pG 1 y I . ys Asp v ulllei rp 
AAT T T CGG T GTaGCaGT T GAT T TGT t»CT TGT AT ACGAGCG ACGG A A AAG AT GTTATTTGG 

TT AAAG CCAC AY CGl CAADYAAACACGAACATATGCTCCCTGCCn I id ACAATAaACC 

G 1 uS« rT h r T hrSerA rgl rp L y s LysVa WalAl&Al aHe t L y* A 1 aC 1 uG 1 y PheG 1 u 
GAGTCUAOAACTICCCGGTGGAAAAAGGTTGTTGCTCCTAVGAAAGCWAAGGATTCGAA 

4&6 »• "-t + + + • -I— 4 t>Ab 

CTCACCTGT 1 G AAGCGCCACCT TT T T CC AAG AADGADG AT ACT T 1 CCCCT I CCT AAGCTT 

TrpG 1 yGl yAspT rptysSerPhoi. ysAspl yrProMisPheGluL wCyj>Asi>Al aval 
. TGG1IGCGGAGA I \ GGAAAAGTYTTAAAGACT ATCDGCATTTTGAACT A I G1GACGCTGTA 

4- »-+ + * + < 6Q$> 

ACDCCGCCTCTAACC1 1 I* I CAAAA} TT C TO AT AGGCGT AAAACT 7 GAT AC ACT GCG AC A f 

SprG 1 yD I ul.ysl 1 eProl hrAla I Tirtf 1 riAsn l he AsnProAsnArgH i sAspG I yl ys 
AG TGGT G AG AAA AT C DOT ACT GCG AC AC AAA ACA CCA AT CC A A AC AUAD A VG AT GGG AA A 

$06 < 1- * + 1- < 66t> 

TOACCACTCTTTTAGGGATGACCCTGIGm I GY GGT T AGGT T T GTCT GT ACT ACC CT 1 I 

1 l&Val AspScrAlaProLcuLcuProl y%M*LAKpP*i«l yKSerAsnPrDATaArghct 
AT CGT TG AD AG DGCG DC ACT AT TG CCA A A AAT GG AC'I I' T A AATlJAAAT DCaGDOCGCATG 

666 * 1- * < "I + Y2h 

TAGCAAC1 (3 1 CGCGCGGTGATAACGGTTTTT ADCTGAAATTTACT 1 I AGCI CCCGCOTAC 

I y r L y sSc rGtyThrCl i>Ph« I RuValTyrd luHisA&nGlnlyrT rpTvriysThrTyr 
TAT AAAT C AGG AACT GAG 1 1 C 1 1 A I A I OA AD A 1 AAT CAAT AT T GC T AC A Afi ACG T AC 

Tea + + " « f + + ?8- r i 

A1AI I' I* AG I" DCT TG ACT C AAG AAT C; AT AT ACT T GT AT T AG 1 1 AT A ACC A I G \ 1 CTGDATG 



FIGURE 8 f START) 
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1 1^5riAspLyDLeuTyrTyr«ctTyrLysSerFteCy5/6L£pValValA)a! ysl ysAsp 
ATC A ACG ACA AATT AT A fcT AC AT GT AT AAG AGCT T TT GCG ATGT T GT AGCT AA A A AAG Al 

76$ 4 4 + 1 • . R4f, 

T ACT 1 GCT GTT T A AT ATCATHT ACAT ATT CT CG AAAACGCT AC AAC A I CGA1 \\ II I CI A 

AlaLysGlyArsI "leLy&Va 1 Ar$) tGLyaSerAULyiAspl ruAi-qI leProVa 1 f rn 
0 C A A A AGH A DGC ATCpA A Af>T T CCA AT T A A A AG CGCG AAAG AC7 T ACG A A I VCCAC I M CC 

OCT TT T OCT GCGT ACT T T CAAGDT T AAT T T TCGCG CT FT OT GAATGCT I AAGG I CAAACC $ ° ' 

A^iAsnThrLysLegADnScrGlyLysIloLysTrpTyrAla^roAsnllirLvsLcuAla 
AA J A A CACA AAATTGAATT CT GGCAAAATT AAAT GQT ATCCACCCA AT ACAAAA T7AGCA 

TT AT TCT GT T TT AACT T A AGAC COT T TT AAT T T ACCAT ACGTGGGT 7 AT GT T fT AATCGT 

TrpTyrAsnAsnGlyLysG^yTyrLctjGlaLciJl ppi yri^uLysAspGlyi rptvrl yr 

T GGTACA ACAACGGAAA AGG AT ACT TGGAACT CT GGT A T GAAAAGG AT GG Cf GGT AC f AC 

966 + * i —4 4 4 1025 

ACCAT GT VG1 TG DCT T T TCC T AT GA ACCT T G AGAC DAT ACT T T TCCT AC CG ACCAT GAT G 

ThrAl a A s nT y rPhel. eu L y 5 
ACAGCGAACTACT'I C V I AAA A 
t02G ♦ + 1fj4(i 

tgtcgcttgatgaagaattt r 



PIGlJ&K 8 (BKD> 
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FIGURE A 
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FIGURE 10 
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